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(57) Abstract: After a silicon oxide 
film (9) is formed on the surface of 
a semiconductor substrate (1), the 
silicon oxide film (9) in the region in 
which a gate insulating film having 
a small effective thickness is to be 
formed is removed with an aqueous 
solution of hydrofluoric acid, and 
an insulating film (10) of a high 
dielectric constant is then formed 
over the semiconductor substrate 
(1). Thus, over this semiconductor 
substrate (1), there are formed 
two gate insulating films: a gate 
insulating film (12) formed of a 
multilayer film of the high-dielectric 
constant insulating film (10) and 
the silicon oxide film (9); and a 
gate insulating film (11) of the 
high-dielectric constant insulating 
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(57) m*3: 

tb*u *©«¥*f*a«R ( 1 ) ±iz«8§«*te*flt do) zmtfi'tzzbL 

IZ&K), HSBmm&M (10) fc*'jD>«Kb8l (9) fca>«««fr&fc** 
-h*fc»flB(1 2K MtmiMtMflW (1 0) HW-h«W(1 1 
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m $b m 



m<omt!ft^\zmt&&mbmWG>VAlS (metal insulator semiconductor) K 



10 

^^^t&Sh^TUSofc^x.kE^'J LSI (large scale integrated 
circuit) ^fcliCMOS (complementary metal oxide semiconductor) fmSL 

20 ^<DJp^^SlM3^^^^aDS©M I S K ^ > v7 £ #|Sj— gtS±[;i Jfcfife** 

4#M2 0 0 1 -1 5 6 1 2^?S^^!3l±x J?£ tfElMUJtfci* 2M3i<Z)f> 'J 

h i-z&ffi mzmz tiTu§« 

25 f- \-m.m(Dti% (feTFs f- hSfclM") *<0 . 1 AmiaTflDM I s 

1 
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5 JlWfclis J±S8*«#J*bfci/U =1 >$tfb ( S fO^*J«W©;:fcT?M 

o 

10 mm*)!R.G>t.i£>o-e%>z>a 

. TJB1 ««©±IB»1 *IM^fe»JBt«:l**«o ^TU^X hJgt£P$5fcb£: 
15 tlx $51 te«fcl»fc**fcrattfctt«1 fe«fcU e »2*SI«aW6ltlft^6&Sff 

20 Sifc^&mot, 

(1 ) mi^tm2^hT?<7 s -Si!e^©/5*<D^^&^2 0nmJ^±© 

(2) ^SfccfctfbvX KJfilz:*tUr^U®*RJ:b4WLx i)o^fflx>-/f> 
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ttiaEifr & w e> fringe a o ' i ' 

5 ■ w;; 

10 mmt, -tte>m 1 ^iMWM^feotv ¥#^s*5±f^ 1 s 

t**ts»2Mi s ^>s>**fc**u Slf&StB£ICDJ¥£l*g§2>7' 

20 1 «I«i:fill3Q:«»2!Waicjfet\Tx ^MW*3t*R©OTlJ:ie 1 3 
]0lfRfefta>l|l1tMKttXIL^ltt7<. W2W*Dl»1<«MII«r3Wltt 
H^tSiik. ff§ 1 1 *6Sd8l±tecktJ { m2^(D¥^SlSJtlim 

25 2 #t*H-*JBfiJFr SXlg t x 1 fccfc tft£ 2 ^K-0)W«<D¥IWMHR©*aHr- 
1 fcJ;^2^#:^<D±^<);t) t ^JM(^3$fe^^^-ri.xmhx ft3£|il* 

3 
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5 mm&ffi&temw 

® 2 (is *^B^CD-|l3m©I$^fe§¥#^«ia^SroSSi^&(O^J^ 
m 5 lis *^©-^(DJ&BlTfe^^^«0^M(Dii3t*^<D-^J$: 

15 jimmizTjk-t^m^ucD^mmm^^o 

H 7 lis *#gej§(D-i!te©ff^T:^^ 

20 ei 8 i*s ^%BM(D-mm(Dmm^^mwmm^um<om^ij^(D-^\\^ 
m 9 lis *^cd— mM<DBmT'&z*mi*mm®&&m.<Dm&ijfe(D-m* 
mi oii, ^m^-mmcDmmx^¥mi^m\^mmm(Dm^iDm(D-m 
eh 1 lis ^^(D-mm(Dmm^^mwmmmmmm(D^iD^cD-m 
si 2 lis ^^m-mm^mT'^^^mmm^mma^mit-n^-m 
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10 ® 1 7 ii. ^BM(D-m^mm-v^^mwmm\3\^m(Dm^^(D~m 

HM 9 lis *^©-^<Dff^7:fei>^#ll^0SS^^^^^-^J 
HI 2 0 lis *%BJ3(D-g|j&(D^re&£>^##^ 

El 2 1 lis *^(D-^c7)^^fei.¥##mffllHl!iS^cD^^©-^J 
fcx^KI^I-^te^OT^I/Tra^fcSo 
20 (SI 2 2 lis ^B^CD-^iS<D^STfeS^##:»Sll]^Sroii^^(D-^J 

*jLmmiz7FT*m&m*<D^mmmT:& : z>o 
ia 2 4 lis *§§wo)-mfo(nBMT:fo%^i*Mm®&&n<D^m.i5m(D— m 

25 =&X^Jdlz:^^##:St5(D^g|J|lT®^lT:fe§o 

m 2 5 lis ^^(D-mm^mmx'^^mi^Mmm^mmcDmmii^o-m 
hi 2 6ii, *&B%(D-mffi(DBMT!foz*m>temm3mmmom&iDm(D-m 
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m 2 7 its ^^(D-^<Dmm^mk^m^^m^^^^^^ 

El 2 8(4. *^cD-^co^TfcS¥to^0^ea)^^a)-^J 

EI2 914. ^^CD-|l^(Dm^T?fe§¥#^fIlsl^Sro^^(75-^J 

in 3 oi4. ^%BM(D-m^<omm^^m^mm^n(Dmm^m<D-m 

10 ISi 3 1 f4x *^©-^<C^ffllT?fe*^»^«lHll^«©«^^G>-W 

El 3 2(4. *^0^(D-llte®^T&^^#^fS@!^Sa5^^a)--0y 

isi 3 4i4. ^Bm-mmcDmwi-c^^m^mm^mmmcom^ij^-m 

1213 5 14. *^<73-^(7)^TfeS^#^^ES§^ecO^^G3-^J 

ftxWi^^+^ftiHRODSfflJWSia-eife* o 

20 El 3 6 14. ^B^©-^ffi(D^Tfe§¥«*^lilfi&^S©iiat^a)-0"J 

*xfflRi^t-i|Mi#«a>5i^wfsia'ca&So 

EI 3 7(4. *^(D-^(D^«BTfe**#f^«lHlK^(D^*ft©^ 

*xsmii^-t^#f«ttR<i!>5SPWfiiiaTftSo 
25 fex^i^r^«iw*attifl!)5SP»f®i2iT?aD*o 

El 3 914. *^©-^<©JI5^fe5^^ll^ls]SS^g©iSlat^G)-^J 
fex^Rl3^1-i|4#f««©SSPWfiBBIT3o * o 
El 4 014. *^©-^©^TfeS¥#<**^0SS^®a)iS^aca)— «nj 

6 
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134 1 fix #S^O— *teO>J&fl8*»l L-fcCMOS-f >/\*-^<D-0!l*^-r 
■*-Wilal»H7ffc* 0 

4 0I^Ufc*##^5tDSgPB9r®EI«rfflUTX^JiIlz:^1-So Hl*x flWtA 
lis J»MWS*«*l^- KI^W*^fi6**iSfll«x fH«BI*x *feM»*tf»i* 

20 K^M^ffM^tL<5^T:feSo £fcx ^A, BlZl*. *ti?*iLt?U 

flEttE (JiTFx VthfcSBi") »nf^*MIS K^>>vn* (WT> (S 
Vt hNMOStlB-T); Vthi^Upf-tUMI S (W.Tx fS 

Vt hPMOShl3-T)x VthA^nft^MI S S-7>5>"^^ (feTFx K 
V t hNMOStlB-TK VthA^UpftUMIS S^>^^ (WTx £ 

25 VthPMOS hie-T) tfJfa#£*U *fcfcfcH-*te±l;:te8«5S6!>M I S h 

S-Tx 131 ll^t-cfcol^x fefciffpM<D^'J=i>^.tt«^&«:*^3M*»K 

1 *ffl*t-Soj»i^ 30D^#^*Ri ^matbx^<oms\zm^o.o 1 Mm 

7 
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mjgom^i' U =l >18<bfi£ 2 fcJ&SU &lvr^-<D±Jf ICC V D (chemical vap 
or deposition) 0^. MroiS©^ U ^ >ifbi 3 feif^tSo 

3©». E|2l^-rcta[Ix ^Up>«W3-j:l^^ Mt*->R P 1 & 

M34i^>yifc^ Uv* M\'£->R P 1 fe»*t«. ^^TBI4rc 

fit 2 S3 «fc Tf*mte&fc 1 * JUJX K =? 4 x * ^ > £ £ i: K<fc 9 s ^^HfR* 
©^As^tE 1 (Zlj^S 0.35 AimgAtftffc^lStflM a fc^fifct'So 

15 *mt%o 

K 6 f^^ck -5 IZ X 5> U =J >BHbBI4 btCM P (chemical mechanica 
1 polishing) SreSWUT. *WMBM a©rt»ICMI □ >BKbil4 b^^f 

^-hi^^^^t^it^^-r^o *mw*«« 1 fctt 1 ooo°ccd^ 

flkSl&fifc UTs 4 a izStoj&A^S/ U □ >aWbllt4 b fe^t»461-§ 

20 o ^UTr^'J>^ffl^T^U=i>^bM3^l^*Uv ttltT"7***<D7ki*i* 
^Ut^S^ 1 flE)*ffi(D$/ 'J □ >®<bi& 2 fcPJSSfc Ufc*£> 1 * 

iwzx gi7(^-r<fc-5i3. us?*hyt^->RP2ftv*^fcUT^NMM«R 

25 ±JEU>I*. feiixfmx^-1-3MeVx K-XS1 x1 0 12 ~5x 

u^h^->RP2ft»su^ H8ir^f «kaic. ska, b 

CONMOS^fl^Uv* h/t*->R P 3T?^O s fDIA, BGDPMOSflS 

8 



WO 03/049188 — PCT/JPO 1/10492 



IB U >li v fctxI^Ai*^-? 00~100kev, K -Xg 5 x 1 0 1 1 

~ 5 x 1 o 1 2 c m - 2 -e>± a£ *u xjfrft^Afjt* s 3 \smmmm it -r * 

5 l/i/-7h/^->RP3^4Ufc^ H9fc^-<-J:aiZs SIfcSA, B 

GQPMOSff^fMfcUvX S;\°^->R P ffiWA, B<JDNMOSff2 

i^8*JgfiW* 0 ±iB#n>*fcf±-7yfb#n>(±x fc£;Lli*>£Ax*;U¥- 
5 0 0~1 00 ke v. h*-X!5x1 0 11 ~5x 1 0 1 2 c m- 2 -C>±A£*lx x 
10 *JU=P-&£iLT2x 3IsI^UT'f'^>>±A1-i>^i:l3 e fc«9. Uhn^U-K 

&(3x U^X SM°*->R P 4*l»*Lfc«x MISh7>S/*7^©Vth$: 

15 o 

£"Tx 1211 Of'^-Tctdl-x hM*#->R P 5&^;*>7£LT$IJ#B(D 

^vthNMo smmmM(D^^^j\,mmz pm^w&tos it t. 3.1*7 vittfn > 

Z^X^iXTZo ±IB^«y<b^o>l*x fchifcEiAx*;^- 2 5 k e V s 
K-Xfi2.5x1 0 13 cm- 2 -e)iA^ti-So 
20 ^tU^M^->RP5^Lfctx HI 1l^tJ;9l^ U^h 
/^->RP6m^i: UTH*£ B0^VthPMOS flafcffl**©^* *JUH 

^;U4 £ -20keVx K-XS1 .1x1 0 1 3 c m- 2 T>£A£*l£o 
m^TUS>*hvt*-->RP6fc|(ft*Ufe*s HI 2(3^-r<fc-5(Cx U$/*X S 
25 A'* - > R P 7 £ LTfffl* V thNMOS fiZf&$m<DT* 

**fcpffiPF*M!k fch^f^^<b^o>*'i'^>>iAl-So ±IB7>y<b7KD>f* 
sfet^)iAi^H ; -25keV x K-XM8X1 0 1 2 c m- 2 T>±Ac*;H£ 
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^tU^h/^->RP7^lfctv EI1 3ld^f ct-51'x Uv7h 

^-2 0keVv K-XS1 x i 0 1 3 c .in- l m**i8 e 
5 lurbS/*7h/^->RP8^4Lfct N BD1 41^^-5(3. US** h 
/^->RP9m^i: A©tVthNMOS > * MI 

s fct^l^Xn:^^-2 5 keV N K-Xi2x 1 0 1 2 c m- 2 Tr>iA^^S 

10 flfcUTUS;* h/t*->RP 9*to&LfcflL EI1 U^h 
/^->RP1 O&YX^tUT^ACDfKV t h PMO SJF2/^*&D^**;U 

0 k e Vv K-X15X 1 0 12 cm- 2 t)iA^ti5o 
U^h/^->RP1 Ofcftfc*Lfc&x DQ1 6^1-^-51^ mot 

&KI> ISM 7\Z7jk-fr&^\^ fS**AfcUS>X KM*->R P 1 lTr^ofef^ s 
ES1 1 8l'^i-d;-5rr N U^X M\'£->R P 1 im^tlt^ 
»»(07k»»*ffl^r««B6DS/U3>BlflJljt9*|**rt o *©f* N 131 9 Id 
^t-J;af'x U->"Xh/^->RP1 1SP^t-So 

25 ;*f3 x tn2 oi^-r^di^ 1 ±iz^m^mmm 1 o, 

10 
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»*%iSLTi onmm&mztiZa ztuz£<o, mnsizit. immmm 

S/ u □ >Attf bnt«:^ urt, cfc n c 

ifcCU HI 2 1 l£^-«fcdl3. 4MHt&li6M ±KU fchx.l£2 0 0 nm*iJg<Z)J5 

10 H2 2lZ^*\fcdl^ ««A, BtDNMOSm^IfellCU^Xh/^- 

>RP1 2&0E£Ufc?IU 3©Uv^hK^->RP1 2 £ ^ UT«I«A 
, BtDPMOSff^^(D5>'Jzi>M1 3lZpglTO*#k fc£:x.f£7tfn >&>f * 

Uf>'X h/^->RP 1 2&P$5feU ^L^-C^! 2 3 l^-Tcfc ? (3. flitf 
15 A, BCDPM0S^$I^I3US/"X SM°*->R P 1 3fe^fiRUfc» N ^CD!>S>" 
X Mt£->R P 1 S&v^^UT^A, BCD NMO SJ&titmMDS' 'J □ > 
HIM 3Cni», fct^'J^^Tr^EAtS, 

20 tt#ife<fctfpffl:TO«to*^to£ltx S&fcfSttA, bcdnmo smmm%L(D$' 
U =l >it 1 3 * riffle U □ >^tti!UtIix fRttA , BCD P MO SflgjMWDS/ U 
□ >K1 3*pS22/U=i>^telMltl«itSo 
ftldx I21 2 4 f^l" J; 3 iZx ¥3iH*fflK1±I^U=i>Blfbl«1 4&CVD& 
g]2 5l3^-Tctof3, ^^MZ/pft^l/M I S h^> 
25 V7>*Q>*f- h«5&J&#«fc«>(DUS;* h/\°^->R P 1 4*&i&tZa 

ftlZ. m 2 6 iZyjk-t «£ -5 I3 X U5>** h/t*->R P 1 4m^tUT>>iJ □ 
>SWbBM 4*JivT>VLfrfe, \sV7s h/^->RP 1 4*W£t 3 e ttu 

11 
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rS/'J=l>M1 3tx«yf>^LT N ^A, B(DNMO SJf^I^[^nM5>U 
□ >^^J3M*^&§^- h«frl ;% (^R) 15n x ««A, BCDPMOSmm 

5 Id, fchxf£8 0 0°CS*fiD h"7-fitti^It 0 

CD P MO S mmmmo) nOji)\,HZp m^m. tc}iz.{£7v<b<8n>&m-> 
iiALv y-HfBS1 5p©n5ftJ©n^a:;i,7l3pMa3il«l«1 Ba^lSL, 
ttUTni^W*. fcfcitliU *>>iAU /\'>^X,iU-X h »WtJI<h L 

10 T*8t61-£Mn- (Halo) m*&!&tZo ±IB7*<b#P>l*x fcfc*.li&Ax 
W-2~3keV, K-X«1 x 1 0 15 cm-\ ±|BU>tt. fcfc*.ldS£A 
x^-5 5keV, K-XI4x10 1J cm- 2 ^A*^ o 

ftlCU L-5>*X h/\°*->R P 1 5&|5^5teLfe^s HI 3 0 \ZijkT& r> \Z. 1^>*X 
h/^->RP 1 6*VX>7i:LT^A(DNMOSJFM1i^a)p«i7x^8l3n 

15 SHTOfck tct-TLtt^nk** >>±A UT\ y-SS@1 5 nOffifflCDp^xJI, 

K-Xg2 x 1 0 1 5 c nr \ ±IB**n X*. fcfciltf&Ax*^- 2 0 k e V 

20 &fCl N b^h^^->RP1 6£P3fckLfcl£x SI 3 1 Id^f «fc -5 ICx U*>*X 
h/\^->RP1 7«r-7X^tUT««B<DPMOS^fife««(Z>n^x;U7lCp 
SFFttlftU fet7L«7vMo>4'< *>>xAUT N y-mffil 5 p<Z)W<}iiJ<D 

25 -2-3 keV. K-X* 1 x 1 0 1 5 c m" 2 . ±13U >\t. fc£.z.\&£K=.*)l 
=F-5 5keVx K-XS1 x1 0 1 3 c m" 2 -<?&Ac*;h-5o 

;£I3> bvX h/^->RP 1 7 4PJ*Lfcax M3 2\Zfjkf^^\Z^ U5>"X 
h/t*->RP 1 8 4^X^t LT««B(DNMOSflgfiJltjtl«©p^i;U8(c:n 

12 
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-X12X1 0 15 cm-\ ±IBaKd>(*x fct^Xx^-55keV^ 
5 K-X41 x1 0 13 cm- 2 T?>iX^ti^o 

&£ 1 ±135' "J □ >aMbfflt«:C V D&Trif ff U il^T^CDv 'J =i >&fbflSt£H 
^ttxy^^-rSdhlCcfc^ ^-h«fii1 5n, 1 5 pflDflJglZ+M h*$* 
-JU (ftJ&feiUg) 1 8£ff»T3o ±IBII*ttiy^>^7?tt. SPS^a 

I2J3 6f^-r«fc-5l^ UvX |W\°£->R P 1 9^7X^tLTf«A 
, B©NMOS^^i«(Dp*x;U8l3n^^i&tu fctxtf tilt A 
U f f~ hffflffil 5 n ©MI© p ^x^ 8 1' nS^I^1 1 9^tS D nl 
20 ttWIftft 1 9tt> y-KmfiS1 5 nfecfctf-tM K£*-JH 8I^WU"CgB*'& 

So 

UvX SM"£->R P 1 9^fi!SLfeix El 3 7 13^1"^ 
KM°£->R P 2 tLtf«A, B©PMOSmJ&fP&Dn£xJU7 

25 Cpl^i, fcfc?U2:7yfc**n>&^:tf>>3EAU ^-h«i1 5p©PofgiJ 
©n^xJ|,9tpStt»fS«2 0*^«o pSi4tirtH*2 0liv V- hm© 
1 5 pfccfctftM K**-JU 8tWUriBH^flUl^fife*tix P^**JUM 

13 
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T?^^stsi ±izmm-t%o &u-c?5 o'o~6 0 Q°cm&<D$mM* 3 £mfa& 

ICjfcLTn^^UMI S S^>yx*a>y- S«*S1 5 ncD^MiinSite 
5 ttttiMM 9<D^t®x p^**JUMI S h5>>5>"X#(Z)^- 5pffi 

i: pIMf^l 2 0 0^®(3^Rfi*)I^J¥^ 3 0 n m^U^x }±*&1n4 Qcmg 

^>^T:P&5feUx ^Utv'J^'f KJ12 1 <D{£ffifcx<b<Dfc&7 0 0~8 0 0°C^ 

10 /fcKx H3 9l3^J;dlC, ^##^1±l^>U=J>IHbE2 2%MUfe 
ts ^-GD^'J =i >m<bJS2 2£s fchxI^CMP^W^-r^C^I-cfcOaMfe 
spa&fbl'S 0 v'J3 >Wtitm 2 2 lix fet^li T EOS (tetra ethyl ortho si 
licate : Si(0C 2 H 5 )) h*"J> (0 3 ) h& V-XtfXl-flH^^Xx' C V D»TC 
iiSteJhfcT E O S^bfliTr^^^So 

orS/U3>BMblBt2 2ICSai!?l2 3ftmt'*o C©8»fc?L2 3l*x nSftfclfe 
fltftftl 9*fcl±pffiJfctHH**2 0±<feir<Djfi«aM3'fEJ|gfift*'*o 

l*CVDj5!rCift!ftU *6J^jNjRL2 3*a»at?^>y^>«*x 
20 C V D^Tlt^-r 5 o ^OD^x Jg$^?L 2 3 J3JL^CD«|Jj*flD^-^ >^tm&£tft> > 
yx^>M^ N fcfciltfCMP»I^t>|lfefebT*fe»?L2 3flDrtSPtr^y2 4 
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ABSTRACT 

After silicon oxide film (9) is formed on the surface 
of a semiconductor substrate (1) , the silicon oxide film 

(9) in a region in which a gate insulation film having a 
5 small effective thickness is formed is removed using 

diluted HF and after that, high dielectric constant 
insulation film (10) is formed on the semiconductor 
substrate (1) . Consequently, two kinds of gate insulation 
films, namely, a gate insulation film (12) comprised of 
10 stacked film of high dielectric constant insulation film 

(10) and silicon oxide film (9) and gate insulation film 

(11) comprised of the high dielectric constant insulation 
film (10) are formed on the semiconductor substrate (1) . 
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(f) introducing a first impurity of first conductive 
type so as to form said first semiconductor region on the 
surface of said semiconductor substrate on both sides of 
each of said first, second, third and fourth conductive 
5 pieces in said first and second regions, 

said manufacturing method further comprising, before 
said step (a) , the steps of: 

introducing a second impurity so as to form a first 
channel region in said semiconductor substrate located 
10 under said first conductive piece; 

introducing a third impurity so as to form a second 
channel region in said semiconductor substrate located 
under said second conductive piece; 

introducing a fourth impurity so as to form a third 
15 channel region in said semiconductor substrate located 
under said third conductive piece; and 

introducing a fifth impurity so as to form a fourth 
channel region in said semiconductor substrate located 
under said fourth conductive piece. 



20 
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18. The manufacturing method of semiconductor integrated 
circuit device according to claim 13, further comprising, 
subsequent to said step (b) , the step of: 

forming a fifth insulation film, whose thickness is 
smaller than that of said first insulation film, over the 
surface of said semiconductor substrate in said second 
region . 

19. A manufacturing method of semiconductor integrated 
circuit device comprising the steps of: 

(a) forming a first insulation film on the surface of 
said semiconductor substrate in a first region of said 
semiconductor substrate and a second region different from 
said first region; 

(b) selectively removing said first insulation film 
in said second region with said first insulation film in 
said first region left; 

(c) forming a second insulation film on said first 
insulation film in said first region and on said 
semiconductor substrate in said second region; 

(d) forming a first conductive layer on said second 
insulation film; 

(e) forming first and second conductive pieces in 
said first region and third and fourth conductive pieces in 
said second region by patterning said first conductive 
layer; and 
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circuit device according to claim 13, further comprising 
subsequent to said step (i) , the steps of: 

(j) forming a refractory metal film on said 
semiconductor substrate such that it makes a contact with 
5 said second semiconductor region; and 

(k) executing heat treatment on said semiconductor 
substrate to form a silicide layer on the surface of said 
second semiconductor region. 

0 15. The manufacturing method of semiconductor integrated 

circuit device according to claim 13, wherein the thickness 

of said second insulation film is larger than the thickness 
of said first insulation film. 

3 16. The manufacturing method of semiconductor integrated 
circuit device according to claim 13, further comprising, 
subsequent to said step (a), the step of: 

(1) executing heat treatment to said first insulati 
film in an atmosphere containing nitrogen. 



on 



17. The manufacturing method of semiconductor integrated 
circuit device according to claim 13, further comprising, 
before said step (a), the steps of: 

(m) forming plural grooves on the surface of said 
semiconductor substrate; and 

(n) filling said grooves with a fourth insulation 

film. 




insulation film; 

(e) forming a first conductive piece in said first 
region and a second conductive piece in said second region 
by patterning said first conductive layer; and 
5 (f) introducing a first impurity of a first 

conductive type in said first and second regions so as to 
form said first semiconductor region on the surface of said 
semiconductor substrate on both sides of each of said first 
and second conductive pieces. 

10 

13. The manufacturing method of semiconductor integrated 
circuit device according to claim 12, further comprising, 
subsequent to said step (f), the steps of: 

(g) forming a third insulation film on said first and 
15 second conductive pieces and side walls thereof; 

(h) forming a first side wall insulation film on the 
side wall of said first conductive piece and a second side 
wall insulation film on the side wall of said second 
conductive piece by anisotropic etching said third 

20 insulation film; and 

(i) introducing a second impurity of a first 
conductive type in said first and second regions so as to 
form a second semiconductor region on the surface of said 
semiconductor substrate on both sides of said first and 

25 second side wall insulation films. 

14. The manufacturing method of semiconductor integrated 




9. The semiconductor integrated circuit device according 
to claim 7 wherein the thickness of said second and fourth 
insulation films is larger than the thickness of said. first 
insulation film. 

5 

10. The semiconductor integrated circuit device according 
to claim 7 wherein said first insulation film is comprised 
of silicon oxide film. 

10 11. The semiconductor integrated circuit device according 
to claim 7 wherein said third insulation film is comprised 
of silicon oxide film, silicon nitride film or silicon 
oxide nitride film. 

15 12. A manufacturing method of semiconductor integrated 
circuit device comprising the steps of: 

(a) forming a first insulation film on a surface of a 
semiconductor substrate in a first region of said 
semiconductor substrate and a second region different from 

20 said first region; 

(b) selectively removing said first insulation film 
in said second region with said first insulation film in 
said first region being left; 

(c) forming a second insulation film on said first 
25 insulation film in said first region and on said 

semiconductor substrate in said second region; 

(d) forming a first conductive layer on said second 
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substrate through a first gate insulation film; and 

a second MIS transistor including second source and 
drain regions formed in said semiconductor substrate and a 
second gate electrode formed above said semiconductor 
substrate through a second gate insulation film, wherein: 
the thickness of said first gate insulation film is 
larger than the thickness of said second gate insulation 
film; 

said first gate insulation film is comprised of a 
first insulation film located on said semiconductor 
substrate and a second insulation film located on said 
first insulation film; 

said second gate insulation film is comprised of a 
third insulation film located on said semiconductor 
substrate and a fourth insulation film located on said 
third insulation film; 

the dielectric constant of said second and fourth 
insulation films is larger than the dielectric constant of 
said first insulation film and 

the thickness of said first insulation film is larger 
than the thickness of said third insulation film. 

8. The semiconductor integrated circuit device according 
to claim 7 wherein the thickness of said second insulation 
film is equal to the thickness of said fourth insulation 
film. 
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to claim 1 wherein the thickness of said second insulation 
film is equal to the thickness of said third insulation 
film. 

5 3. The semiconductor integrated circuit device according 
to claim 1 wherein the thickness of said second insulation 
film is larger than the thickness of said first insulation 
film. 

10 4. The semiconductor integrated circuit device according 
to claim 1 wherein said first insulation film is comprised 
of silicon oxide film. 

5. The semiconductor integrated circuit device according 
15 to claim 1 wherein said second and third insulation films 
are comprised of alumina film, titanic oxide film, 
zirconium oxide film, hafnium oxide film, tantalum oxide 
film or ruthenium oxide film. 

20 6. The semiconductor integrated circuit device according 
to claim 1 wherein said first insulation film is comprised 
of silicon oxide nitride film. 

7. A semiconductor integrated circuit device comprising: 
25 a first MIS transistor including first source and 

drain regions formed in a semiconductor substrate and a 
first gate electrode formed above said semiconductor 
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CLAIMS: 

1. A semiconductor integrated circuit device comprising.: 
a semiconductor substrate; 

a first MIS transistor including a pair of first 
semiconductor regions formed in said semiconductor 
substrate and a first conductive piece formed above said 
semiconductor substrate through a first gate insulation 
film in a region between said pair of said first 
semiconductor regions; and 

a second MIS transistor including a pair of second 
semiconductor regions formed in said semiconductor 
substrate and a second conductive piece formed above said 
semiconductor substrate through a second gate insulation 
film in a region between said pair of said second 
semiconductor regions , 

wherein the thickness of said first gate insulation 
film is larger than the thickness of said second gate 
insulation film and said first gate insulation film is 
comprised of said first insulation film located on said 
semiconductor substrate and said second insulation film 
located on said first insulation film; and 

wherein said second gate insulation film is comprised 
of a third insulation film located on said semiconductor 
substrate and the dielectric constant of said second and 
third insulation films is larger than the dielectric 
constant of said first insulation film. 



2. The semiconductor integrated circuit device according 
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formed on the same semiconductor substrate so as to 
suppress damage or pollution to the surface of the 
semiconductor substrate, plural gate insulation films each 
having a different thickness and a high reliability can be 
formed. Further, because the gate insulation film having a 
high effective thickness is constituted of stacked film of 
the high dielectric constant insulation film and silicon 
oxide film, a difference in step between a region in which 
the gate insulation film having a large effective thickness 
is formed and a region in which the gate insulation film 
having a small effective thickness is decreased as compared 
to a stacked film in which two high dielectric constant 
insulation films are stacked, so that subsequent 
manufacturing of the MIS transistor is facilitated. 
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Such a circuit demanded to operate rapidly employs a 
thin gate insulation film for its MIS transistor because a 
performance corresponding to a trend of increased speed of 
the MIS transistor is demanded. On the other hand, a 
circuit demanded to high match with a power or a memory 
cell in which a reduction in leakage current is demanded 
employ a thick gate insulation film for its MIS transistor. 

In the foregoing, the invention made by the inventors 
of the present invention has been concretely described 
based on the embodiments. However, it is needless to say 
that the present invention is not limited to the foregoing 
embodiments and various modifications and alterations can 
be made within the scope of the present invention. 

For example, although in. the above-described 
embodiment, the high dielectric constant insulation film is 
regarded as alumina film, the present invention is not 
restricted to this example, but this high dielectric 
constant insulation film may be comprised of titanic oxide 
film (TiO x ) , zirconium oxide film (ZrO x ) , hafnium oxide 
film (HfO x ), tantalum oxide film (TaO x ) or ruthenium oxide 
film (RuO x ) . 

INDUSTRIAL APPLICABILITY 

Because the gate insulation film comprised of stacked 
film of high dielectric constant insulation film and 
silicon oxide film and the gate insulation film comprised 
of the high dielectric constant insulation film can be 
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FIG. 43 shows an example of an equivalent circuit in 
an inverter using the thin gate insulation film in the main 
circuit. A power Vddl of a relatively low voltage is 
connected to the main circuit. 
5 Although the I/O circuit, the memory array associate 

circuit and power control circuit are comprised of mainly a 
MIS transistor using a thin gate insulation film, the MIS 
transistor using a thick gate insulation film is used as a 
switch MIS transistor to a power supply. Further, the MIS 

10 transistor using the thick gate insulation film is used for 
a portion to which a large signal is applied directly from 
outside of the I/O circuit. 

FIG. 44 shows an example of an equivalent circuit of 
an inverter using a thick gate insulation film in an I/O 

15 circuit. The power Vdd2 having a relatively high voltage 
is connected to the I/O circuit. 

A MIS transistor in which a thick gate insulation 
film is used for its memory cell is used for the memory 
cell array because its memory information is deleted if the 

20 leakage current is large. 

FIG. 45 shows an example of a memory cell 
constituting the memory cell array. The indicated memory 
cell is a DRAM (dynamic random access memory) cell, which 
is comprised of a selective MIS transistor Q serving as a 

25 switch and a capacitor C for accumulating information 

charge. A MIS transistor using a thick gate insulation 
film is used for the selective MIS transistor Q. 
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circuit block with a solid line) is constituted of the MIS 
transistor employing mainly thin gate insulation film in 
terms of area ratio in an activate region of the MIS 
transistor. The I/O circuit, the memory array associate 
circuit and the power control circuit (its circuit block is 
indicated by surrounding with a solid line and dotted line) 
are constituted of MIS transistor using a thin gate 
insulation film and MIS transistor using a thick gate 
insulation film. The memory cell array (its circuit block 
is indicated by surrounding with dotted line) is 
constituted of MIS transistor using a thick gate insulation 
film. The thin gate insulation film mentioned here refers 
to an insulation film (having the same structure as the 
aforementioned gate insulation film 11) comprised of high 
dielectric constant insulation film. The thick gate 
insulation film mentioned here refers to stacked insulation 
film (having the same structure as the gate insulation film 
12) comprised of high dielectric constant insulation film 
and silicon oxide film. 

The main circuit is constituted of CPU (central 
processing unit) and the like so as to exchange input and 
output signals with outside through, for example, an I/O 
circuit. Further, signals are exchanged with the memory 
cell through the memory array associate circuit. Because a 
number of logic devices are included and a high speed 
operation is demanded, the main circuit is occupied mostly 
by the MIS transistor using the thin gate insulation film. 
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control signal CS.. With this signal, the MIS transistors 
Tkp, Tkn are turned ON so that the first power Vdd and the 
second power Vss are connected directly to the CMOS 
inverter. 

When this circuit is not used, that is, at waiting 
time, *L' is used as the control signal CS. At this time, 
the MIS transistors Tkp, Tkn are turned OFF, so that the 
first power Vdd and the second power Vss are separated from 
the CMOS inverter. A leakage current between the gate and 
source, and between the gate and drain of the MIS 
transistors Tnp, Tnn never flows between the first power 
Vdd and the second power Vss because the MIS transistors 
Tkp, Tkn are turned OFF. Although the CMOS inverter does 
not function as an inverter because no first power Vd or 
second power Vss is supplied, an increase in power 
consumption due to leakage current can be suppressed by the 
MIS transistors Tkp, Tkn. 

Next, an example of the integrated circuit device 
applying the embodiment of the present invention will be 
described with reference to a block diagram shown in FIG. 
42. This Figure indicates a memory device with logic in 
which a memory circuit and a logic circuit are provided on 
a same substrate as an integrated circuit, and constituted 
of mainly a main circuit, I/O (input/output interface) 
circuit, memory array associate circuit, memory cell array 
and power supply control circuit. 

The main circuit (indicated by surrounding its 



# - 28 - • 



two high dielectric constant insulation films. 

Further because the thickness of the silicon oxide 
film 9 can be reduced as compared to a case where the gate 
insulation film 12 in the region A is comprised of only the 
5 silicon oxide film, oxidation of the interior of the 

isolation groove 4a can be suppressed so that stress at an 
end portion of the isolation groove 4a can be reduced. 

Next, an example of an inverter circuit applying an 
embodiment of the present invention is shown in FIG. 41. 

10 In the same Figure, a region surrounded by dotted 

lines indicates a CMOS inverter and Tkp and Tnp denote p- 
channel MIS transistor while Tkn and Tnn denote n-channel 
MIS transistor. The gate insulation film of the MIS 
transistors Tnp, Tnn constituting the CMOS inverter is 

15 thinner than the gate insulation film of the MIS 

. transistors Tkp, Tkn. For example, the gate insulation 
film of the MIS transistors Tnp, Tnn constituting the CMOS 
inverter is formed of high dielectric constant insulation 
film and its effective thickness is about 3.5 nm. The gate 

20 insulation film of the MIS transistors Tkp, Tkn is 

constituted of stacked film of high dielectric constant 
insulation film and silicon oxide film and its effective 
thickness is about 6 nm. 

The MIS transistors Tkp, Tkn whose gate insulation 

25 films are thick are inserted in between the CMOS inverter 
and a first power Vdd/a second power Vss. When processing 
a signal using this circuit (steady time) , "H" is used as a 



- 27 - 



so as to form wiring 25 of a first wiring layer. The 
tungsten film can be formed according to the CVD method or 
spattering method. 

After this, by covering the entire surface of the 
semiconductor substrate 1 with passivation film, the 
semiconductor integrated circuit of an embodiment of the 
present invention is substantially completed. 

As described above, according to this embodiment, 
after the silicon oxide film 9 is formed on the surface of 
the semiconductor substrate 1, the silicon oxide film 9 in 
the region B (region in which a gate insulation whose 
effective thickness is small is formed) is removed with 
diluted HF and after that, by forming high dielectric 
constant insulation film 10 on the semiconductor substrate 
1, a damage or pollution to the surface of the 
semiconductor substrate 1 is prevented so as to form two 
kinds of the gate insulation films, that is, the gate 
insulation film 12 comprised of stacked film of the high 
dielectric constant insulation film 10 and the silicon 
oxide film 9 and the gate insulation film 11 comprised of 
the high dielectric constant insulation film 10 on the same 
semiconductor substrate 1. 

Because the gate insulation film 12 in the region A 
is comprised of stacked film of the high dielectric 
constant insulation film 10 and the silicon oxide film 9, 
the difference in level between the region A and region B 
can be reduced compared to the stacked film comprised of 



with wet etching and heat treatment at about 700 to 800°C 
is performed on the semiconductor substrate 1 in order to 
lower the resistance of the silicide layer 21. 

Next, after silicon oxide film 22 is formed on the 
5 semiconductor substrate 1 as shown in FIG. 39, that silicon 
oxide film 22 is polished according to, for example, the 
CMP method so as to flatten its surface. The silicon oxide 
film 22 is comprised of TEOS oxide film deposited according 
to plasma CVD method that TEOS (tetra ethyl ortho silicate: 

10 Si(OC 2 H 5 ) and ozone (0 3 ) are used as source gas. 

Next, as shown in FIG. 40, connecting holes 23 are 
formed in the silicon oxide film 22 by etching with the 
resist pattern as a mask. The connecting holes 23 are 
formed on necessary portions such as the n-type diffusion 

15 regions 19 and the p-type diffusion regions 20. 

Next, titan nitride film is deposited on the entire 
surface of the semiconductor substrate 1 including the 
inside of the connecting holes 23, for example, according 
to the CVD method. Further, tungsten film for filling the 

20 connecting holes 23 is deposited, for example, according to 
the CVD method. After that, by removing the titan nitride 
film and tungsten film in other regions than the connecting 
holes 23, for example, according to the CMP method, a plug 
24 is formed inside the connecting hole 23. 

25 Subsequently, after the tungsten film- is deposited on 

the semiconductor substrate 1, the tungsten film is 
processed by dry etching with the resist pattern as a mask 




The n-type diffusion region 19 is formed by self-matching 
to the gate electrode 15n and the side wall 18, so that it 
functions as a source and drain of the n-channel MIS 
transistor . 

Next, after the resist pattern RP19 is removed, as 
shown in FIG. 37, with resist pattern RP20 as a mask, p- 
type impurity, for example, boron fluoride is ion-implanted 
into the n-well 7 in the PMOS formation regions of the 
regions A, B so as to form p-type diffusion region 20 in 
the n-well 9 on both sides of the gate electrode 15p. The 
p-type diffusion region 20 is formed by self-matching to 
the gate electrode 15p and the side wall 18 so that it 
functions as a source and drain of the p-channel MIS 
transistor. 

Next, after the resist pattern RP20 is removed, as 
shown in FIG. 38, refractory metal film, for example, 
cobalt film about 10 to 20 nm in thickness is deposited on 
the semiconductor substrate 1 according to for example, 
spattering method. Next, by performing heat treatment on 
the semiconductor substrate 1 at about 500 to 600°C, 
silicide layer 21 is formed in the thickness of about 30 nm 
and with a resistivity of 4 Qcm on the surface of the gate 
electrode 15n of the n-channel MIS transistor and the 
surface of the n-type diffusion region 19 and the surface 
of the gate electrode 15p of the p-channel MIS transistor 
and the surface of the p-type diffusion region 20 
selectively. After that, unreacted cobalt layer is removed 
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example, boron is ion-implanted to form halo layer. The 
aforementioned arsenic is implanted in a condition that the 
implantation energy is 3 keV and the dose amount is 2 x 
10 15 cm -2 and the aforementioned boron is implanted in a 
condition that the implantation energy is 55 keV and the 
dose amount is 1 x 10 13 cm" 2 . 

Next, after the resist pattern RP18 is removed, as 
shown in FIG. 33, silicon oxide film is deposited on the 
semiconductor substrate 1 according to the CVD method and 
subsequently, by anisotropic etching the silicon oxide film, 
side walls (side wall insulation films) 18 are formed on 
side walls of the gate electrodes 15n, 15p. Because the 
anisotropic etching makes the high dielectric constant 
insulation film 10 function as an etching stopper layer, 
damage to the semiconductor substrate 1 can be prevented. 

. Next, as shown in FIG. 34, the high dielectric 
constant insulation film 10 exposed in a region surrounded 
by the side wall 18 and the isolation region is removed by 
spatter etching. Subsequently, as shown in FIG. 35, the 
silicon oxide film 9 exposed in a region surrounded by the 
side wall 18 and the isolation region in the region A is 
removed with wet etching. 

Next, as shown in FIG. 36, with resist pattern RP19 
as a mask, n-type impurity, for example, arsenic is ion- 
implanted into the p-well 8 in the NMOS formation region in 
the regions A, B so as to form n-type diffusion region 19 
in the p-well 8 on both sides of the gate electrode 15n. 
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well 8 on both sides of the gate electrode 15n. 
Subsequently, by ion-implanting p-type impurity, for 
example, boron, halo layer is formed. The aforementioned 
arsenic is implanted in a condition that the implantation 
5 energy is 5 keV and the dose amount is 2 x 10 15 cm" 2 and the 
aforementioned boron is implanted in a condition that the 
implantation energy is 20 keV and the dose amount is 6 x 
10 12 cm" 2 . 

Next after the resist pattern RP16 is removed, as 

10 shown in FIG. 31, with the resist pattern RP17 as a mask, 
p-type impurity, for example, boron fluoride is ion- 
implanted into the n-well 7 in the PMOS formation region of 
the region B so as to form p-type diffusion region 16b in 
the n-well 7 on both sides of the gate electrode 15p. 

15 Subsequently, by ion-implanting n-type impurity, for 
example, phosphorus, halo layer is formed. The 
aforementioned boron fluoride is implanted in a condition 
that the implantation energy is 2 to 3 keV and the dose 
amount is 1 x 10 15 cm" 2 and the aforementioned phosphorus is 

20 implanted in a condition that the implantation energy is 55 
keV and the dose amount is 1 x 10 13 cm" 2 . 

Next, after the resist pattern RP17 is removed, as 
shown in FIG. 32, with resist pattern RP18 as a mask, n- 
type impurity, for example, arsenic is ion-implanted into 

25 the p-well 8 in the NMOS formation region of the region B 
so as to form n-type diffusion region 17b on both sides of 
the gate electrode 15n. Subsequently, p-type impurity, for 
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mask, the silicon film 13 is etched so as to form a gate 
electrode (conductive piece) 15n comprised of n-type 
silicon polycrystal film in the NMOS formation region in 
the regions A, B and a gate electrode (conductive piece) 
5 comprised of p-type silicon polycrystal film in the PMOS 
formation region in the regions A, B. 

Next, after the silicon oxide film 14 is removed as 
shown in FIG . 28 , oxidized in dry-0 2 atmosphere at about 
800°C is performed on the semiconductor substrate 1. 

10 Next, with the resist pattern RP15 as a mask, as 

shown in FIG . 29, p-type impurity, for example, boron 
fluoride is ion-implanted into the n-well 7 in the PMOS 
formation region of the regions A so as to form p-type 
diffusion regions 16a in the n-well 7 on both sides of the 

15 gate electrode 15p. Subsequently , by ion-implanting n-type 
impurity, for example, phosphorous, a halo layer which 
functions as a punch-through stopper layer, is formed. The 
aforementioned boron fluoride is implanted in a condition 
that the implantation energy is 2 to 3 keV and the dose 

20 amount is 1 x 10 15 cm" 2 , and the aforementioned phosphorus 

is implanted in a condition that the implantation energy is 
55 keV and the dose amount is 4 x 10 12 cm" 2 . 

Next, after the resist pattern RP15 is removed, as 
shown in FIG. 30, n-type impurity, for example, arsenic is 

25 ion-implanted into the p-well 8 in the NMOS formation 

region of the region A with the resist pattern RP16 as a 
mask, so as to form n-type diffusion region 17a in the p- 
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type impurity, for example, boron is ion-implanted into the 
silicon film 13 in the PMOS formation region in the regions 
A, B with this resist pattern RP12 as a mask. 

Next, the resist pattern 12 is removed and as shown 
5 in FIG. 23, resist pattern RP13 is formed in the PMOS 

formation region in the regions A, B. After that, n-type 
impurity, for example, phosphorus is ion-implanted into the 
NMOS formation region in the regions A, B with this resist 

pattern RP13 as a mask. 
L0 Next, after the resist pattern RP13 is removed, by 

performing heat treatment on the semiconductor substrate 1, 
for example at 950°C for about 60 seconds, the 
aforementioned n-type impurity and p-type impurity 
^planted into the silicon film 13 are activated. Further, 
15 the silioon film 13 in the NMOS formation region in the 

regions A, B is turned to n-type silicon polycrystal film 
and the silicon film 13 in the PMOS formation region in the 
regions A, B is changed to p-type silicon polycrystal film. 
After as shown in FIG. 24, silicon oxide film 14 is 
20 deposited on the semiconductor substrate 1 according to the 
CVD method, as shown in FIG. 25, resist pattern RP14 is 
formed to form gate electrodes of the n-channel and p- 
channel MIS transistor. 

Next, after as shown in FIG. 26, the silicon oxide 
25 film 14 is etched with the resist pattern RP14 as a mask, 

the resist pattern RP14 is removed. Subsequently, as shown 
in FIG. 27, with the patterned silicon oxide film 14 as a 
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as shown in FIG. 19, the resist pattern RPll is removed. 

Next, as shown in FIG. 20, high dielectric constant 
insulation film 10, for example, alumina film is formed on 
the semiconductor substrate 1. The high dielectric 
5 constant insulation film 10 can be deposited according to, 
for example, spattering method. The thickness of the high 
dielectric constant insulation film 10 formed on the 
semiconductor substrate 1 is set so that its effective 
thickness is about 5 nm. For example, the alumina film is 
10 deposited in the thickness of about 10 nm considering 

dielectric constant. Consequently, gate insulation film 11 
comprised of the high dielectric constant insulation film 
10 about 5 nm in terms of its effective thickness is formed 
in the region B and gate insulation film 12 comprised of 
15 stacked film of the high dielectric constant film 10 and 
the silicon oxide film 9 about 9 to 10 nm in terms of its 
effective thickness is formed in the region A. 

Before forming the aforementioned high dielectric 
constant insulation film 10 on the semiconductor substrate 
20 1, silicon oxide film or silicon nitride film, or silicon 
oxide nitride film less than 1 nm or less may be formed to 
stabilize an interface with the semiconductor substrate 1. 

Next, as shown in FIG. 21, silicon film 13 about 200 
nm thick is deposited on the semiconductor substrate 1 
25 according to the CVD method. 

Next, as shown in FIG. 22, after resist pattern 12 is 
formed in the NMOS formation region in the regions A, B, p- 
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low Vth NMOS formation region in the region A with the 
resist pattern RP9 as a mask. The aforementioned boron 
fluoride is implanted in a condition that the implantation 
energy is 25 keV and the dose amount is 2 x 10 12 cm" 2 . 

Subsequently, after the resist pattern RP9 is removed, 
as shown in FIG. 15 , n-type impurity, for example, 
phosphorus is ion-implanted into the channel region of the 
low Vth PMOS formation region in the region A with resist 
pattern RP10 as a mask. The aforementioned phosphorous is 
implanted in a condition that the implantation energy is 20 
keV and the dose amount is 5 x 10 12 cm" 2 . 

Next, after the resist pattern RP10 is removed, as 
shown in FIG. 16, the protective film 5 is removed and the 
silicon oxide film 9 is formed on the surface of the 
semiconductor substrate 1, for example, in the thickness of 
4 to 5 nm. The silicon oxide film 9 can be formed 
according to the thermal CVD method or thermal oxidation 
method. Meanwhile, the aforementioned silicon oxide film 
may be turned to silicon nitride film by nitriding the 
semiconductor substrate 1 thermally. The aforementioned 
thermal nitration is carried out with the semiconductor 1 
heated at about 900°C in a pressure reduced atmosphere 
containing nitrogen made radical by plasma discharge. 

Next, as shown in FIG. 17, after the region A is 
covered with the resist pattern RP1, as shown in FIG. 18, 
the silicon oxide film 9 in the region B is removed using 
diluted HF with resist pattern RP11 as a mask. After that, 
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10 13 cm" 2 . 

Subsequently, the resist pattern RP5 is removed and 
after that, as shown in FIG. 11, n-type impurity, for 
example, phosphorous is ion-implanted into the channel 
5 region of the high Vth PMOS formation region in the region 
B with resist pattern RP6 as a mask. The aforementioned 
phosphorus is implanted in a condition that the 
implantation energy is 20 keV and the dose amount is 1.1 x 
10 13 cm -2 . 

10 After the resist pattern RP6 is removed, as shown in 

FIG. 12, p-type impurity, for example, boron fluoride is 
ion-implanted into the channel region of the high Vth NMOS 
formation region in the region A with the resist pattern 
RP7 as a mask. The aforementioned boron fluoride is 

15 implanted in a condition that the implantation energy is 25 
keV and the dose amount is 8 x 10 12 cm" 2 . 

Subsequently, after the resist pattern RP7 is removed, 
as shown in FIG. 13, n-type impurity, for example, 
phosphorous is ion-implanted into the channel region of the 

20 high Vth PMOS formation region in the region A with the 
resist pattern RP8 as a mask. The aforementioned 
phosphorous is implanted in. a condition that the 
implantation energy is 20 keV and the dose amount is 1 x 
10 13 cm" 2 . 

25 Subsequently, after the resist pattern RP8 is removed, 

as shown in FIG. 14, p-type impurity, for example, boron 
fluoride is ion-implanted into the channel region of the 
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formation regions in the regions A, B, a n-well 7 is formed. 
The aforementioned phosphorous is implanted in a condition 
that the implantation energy is 500 to 100 keV and the dose 
amount is 5 x 10 11 to 5 x 10 12 cm" 2 . By ion-implanting twice 
or three times continuously with changed energy, a 
retrograde well is formed. 

Next, after the resist pattern RP3 is removed, the 
PMOS formation regions in the regions A, B are covered with 
pattern RP4 and then, by ion-implanting p-type impurity, 
for example, boron or boron fluoride into the NMOS 
formation regions in the regions A, B, n well 8 is formed. 
The aforementioned boron or boron fluoride is implanted in 
a condition that the implantation energy is 500 to 100 keV 
and the dose amount is 5 x 10 11 to 5 x 10 12 cm" 2 and 
retrograde well is formed by ion-implanting twice or three 
times continuously with changed energy. 

Next, after the resist pattern RP4 is removed, 
impurity for adjusting the Vth of the MIS transistor is 
ion-implanted into each channel region of the n-well 7 and 
p-well 8. The ion implantation into the channel region is 
carried out in the following manner. 

First as shown in FIG. 10, p-type impurity, for 
example, boron fluoride is ion-implanted into the channel 
region of high Vth NMOS formation region in the region B 
with the resist pattern RP5 as a mask. The aforementioned 
boron fluoride is implanted in a condition that the 
implantation energy is 25 keV and the dose amount is 2 . 5 x 
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Next, after silicon oxide film (not shown) is formed 
by oxidizing the semiconductor substrate 1 thermally, as 
shown in FIG. 5, silicon oxide film 4b is deposited on the 
semiconductor substrate 1 according to the CVD method. 
5 As shown in FIG. 6, by polishing the silicon oxide 

film 4b according to the CMP (chemical mechanical 
polishing) method, the silicon oxide film 4b is left inside 
the isolation groove 4a to form an isolation region. After 
that, by conducting heat treatment upon the semiconductor.. 

10 substrate 1 at about 1, 000°C, the silicon oxide film 4b 

embedded in the isolation groove 4a is hardened. Next, the 
silicon nitride film 3 is removed with heated phosphoric 
acid and subsequently, the silicon oxide film 2 left on the 
surface of the semiconductor substrate 1 is removed with 

15 diluted HF and a protective film 5 is formed on the surface 
of the semiconductor substrate 1 by oxidizing the 
semiconductor substrate 1 thermally. 

Next, as shown in FIG. 7, by ion-implanting n-type 
impurity, for example, phosphorus into the semiconductor 

20 substrate 1 with resist pattern RP2 as a mask, deep well 6 
is formed. The aforementioned phosphorous is implanted in 
a condition that the implantation energy is 1-3 MeV and the 
dose amount is 1 x 10 12 - 5 x 10 12 cm" 2 . 

After the resist pattern RP2 is removed, as shown in 

25 FIG. 8, the NMOS formation regions in the regions A, B are 
covered with resist pattern RP3 and by ion-implanting n- 
type impurity, for example, phosphorous into the PMOS 
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referred to as Vth) , p-channel MIS transistor (hereinafter 
referred to as low VthPMOS) having a low Vth, n-channel MIS 
transistor (hereinafter referred to as high VthNMOS) having 
a high Vth and p-channel MIS transistor (hereinafter 
5 referred to as high Vth PMOS) having a high Vth are formed 
and that is, eight kinds of the MIS transistors are formed 
on the same substrate. 

First, as shown in FIG . 1, a semiconductor substrate 
comprised of for example, p-type silicon crystal is 
10 prepared. Next, thin silicon oxide film 2 about 0.01 jam is 
formed by oxidizing this semiconductor substrate 1 
thermally and a silicon nitride film 3 about 0.1 pin is 
deposited according to CVD (chemical vapor deposition) 
method . 

15 After that, as shown in FIG. 2, resist pattern RP1 is 

formed on the silicon nitride film 3. This resist pattern 
RP can be formed with ordinary photography technology. 
That is, the resist pattern RP is formed by exposing that 
photo resist film to light or developing it after the photo 

20 resist film is applied to the semiconductor substrate 1. 

As shown in FIG. 3, the silicon nitride film 3 is 
etched with the resist pattern RP1 as a mask and then the 
resist pattern RP1 is removed. Next, as shown in FIG. 4, 
the silicon oxide film 2 and the semiconductor substrate 1 

25 are dry-etched with the patterned silicon nitride film 3 so 
as to form an isolation groove 4a about 0.35 |im deep in the 
semiconductor substrate 1 in an isolation region. 
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FIG- 4 3 is an equivalent circuit diagram showing an 
example of an inverter using a thick gate insulation film 
in an I/O circuit; 

FIG. 44 is an equivalent circuit diagram showing an 
5 example of an inverter using a thin gate insulation film in 
its main circuit; and 

FIG. 4 5 is an equivalent circuit diagram showing an 
example of a memory cell which constitutes a memory cell 
array. 

10 

BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, an embodiment of the present invention 
will be described in detail with reference to the 
accompanying drawing. Like reference numerals are attached 
15 to components having the same function in all drawings for 
explaining the embodiments and repeated description thereof 
is omitted. 

An example of the manufacturing method for the 
semiconductor integrated circuit device according to an 

20 embodiment of the present invention will be described using 
major part sectional views of the semiconductor substrate 
shown in FIGS. 1-40. In the Figures, a region A indicates . 
a region in which a gate insulation film having a larger 
effective thickness is formed and the region B indicates a 

25 region in which a gate insulation film having a smaller 
effective thickness is formed. In the regions A, B, n- 
channel MIS transistor (hereinafter referred to as low 
VthNMOS) having a low threshold value voltage (hereinafter 
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order of steps; 

FIG. 37 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 38 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 39 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 40 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 41 is an equivalent circuit diagram showing an 
example of a CMOS inverter to which an embodiment of the 
present invention is applied; 

FIG. 42 is a circuit block diagram showing an example 
of an integrated circuit device to which an embodiment of 
the present invention is applied; 
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manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 
order of steps; 

FIG. 32 is a major part sectional view of a 
5 semiconductor substrate showing an example of the 

manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 
order of steps; 

FIG. 33 is a major part sectional view of a 
10 semiconductor substrate showing an example of the 

manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 
order of steps; 

FIG. 34 is a major part sectional view of a 
15 semiconductor substrate showing an example of the 

manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 
order of steps; 

FIG. 35 is a major part sectional view of a 
20 semiconductor substrate showing an example of the 

manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 
order of steps; 

FIG. 36 is a major part sectional view of a 
25 semiconductor substrate showing an example of the 

manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 



FIG. 26 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 27 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 28 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 29 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 30 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 31 is a major part sectional view of a 
semiconductor substrate showing an example of the 
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according to an embodiment of the present invention in the 
order of steps; 

FIG. 21 is a major part sectional view of a 
semiconductor substrate showing an example of the 
5 manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 
order of steps; 

FIG. 22 is a major part sectional view of a 
semiconductor substrate showing an example of the 
10 manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 
order of steps; 

FIG. 23 is a major part sectional view of a 
semiconductor substrate showing an example of the 
15 manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 
order of steps; 

FIG. 24 is a major part sectional view of a 
semiconductor substrate showing an example of the 
20 manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 
order of steps; 

FIG. 25 is a' major part sectional view of a 
semiconductor substrate showing an example of the 
25 manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 
order of steps; 
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semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 16 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 17 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 18 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 19 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
according to an embodiment of the present invention in the 

order of steps; 

FIG. 20 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 



order of steps; 

FIG- 10 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
5 according to an embodiment of the present invention in the 
order of steps; 

FIG. 11 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
10 according to an embodiment of the present invention in the 
order of steps; 

FIG. 12 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
15 according to an embodiment of the present invention in the 
order of steps; 

FIG. 13 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
20 according to an embodiment of the present invention in the 
order of steps; 

FIG. 14 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
25 according to an embodiment of the present invention in the 
order of steps; 

FIG. 15 is a major part sectional view of a 
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vh „ o£ a semiconductor integrated circuit 
manufacturing method of a s ^ ^ 

according to an embodiment of the prese 
order of steps; 

Mrt sectional view of a 
FIG. 5 is a manor part secrio 

semiconductor substrate showing an circuit 

• .net-hod of a semiconductor integrated ci 
m anufacturrng method ^ ^ ^ 

according to an embodiment of the prese 

order of steps; 

ns . 6 is a major part sectional vrew of 

semiconductor substrate showing an — ° £ ^ ^ 

of a semiconductor integrated cir 
manu facturing method a s ^ ^ ^ 

according to an embodiment of the P r 

order of steps; 

PIG . 7 is a major part sectional vrew of a 

5 semiconductor substrate showing an circuit 
m anufacturing method of a -"^^^ ln the 
according to an embodiment of the present 

order of steps; 

„ G . 8 is a major part sectional vrew of 

20 semiconductor substrate showing an circuit 
manufacturing method of a ~^^Z«- » ~ 
according to an embodiment of the present 

order of steps; 

PIG . 9 is a major part sectional view of 
25 semiconductor substrate showing an example o< . the 

manufacturing method of a "^^^ ln che 
according to an embodiment of the present 
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conductive pieces; forming a third insulation film on the first 
and second conductive pieces and side walls; forming a first 
side wall insulation film on the side wall of the first 
conductive piece and a second side wall insulation film on the 
5 side wall of the second conductive piece by anisotropic etching 
the third insulation film; and introducing a second impurity of 
first conductive type so as to form a second semiconductor 
region on the surface of the semiconductor substrate on both 
sides of the first and second side wall insulation films. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
15 according to an embodiment of the present invention in the 
order of steps; 

FIG. 2 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
20 according to an embodiment of the present invention in the 
order of steps; 

FIG. 3 is a major part sectional view of a 
semiconductor substrate showing an example of the 
manufacturing method of a semiconductor integrated circuit 
25 according to an embodiment of the present invention in the 
order of steps; 

FIG. 4 is a major part sectional view of a 
semiconductor substrate showing an example of the 



semiconductor substrate and a second conductive piece formed 
above the semiconductor substrate through a second gate 
insulation film in a region between the pair of the second 
semiconductor regions, wherein the thickness of the first gate 
insulation film is larger than the thickness of the second gate 
insulation film and the first gate insulation film is comprised 
of the first insulation film located on the semiconductor 
substrate and the second insulation film located on the first 
insulation film; and wherein the second gate insulation film is 
comprised of a third insulation film located on the 
semiconductor substrate and the dielectric constant of the 
second and third insulation films is larger than the dielectric 
constant of the first insulation film. 

A manufacturing method of semiconductor integrated 
circuit device of the present invention comprises the steps of: 
forming a first insulation film on the surface of the 
semiconductor substrate in a first region of the semiconductor 
substrate and a second region different from the first region; 
selectively removing the first insulation film in the second 
region with the first insulation film in the first region being 
left; forming a second insulation film on the first insulation 
film in the first region and on the semiconductor substrate in 
the second region; forming a first conductive layer on the 
second insulation film; forming a first conductive piece in the 
first region and a second conductive piece in the second region 
by patterning the first conductive layer; introducing a first 
impurity of first conductive type so as to form the first 
semiconductor region on the surface of the semiconductor 
substrate on both sides of each of the first and second 



trouble occurs in forming step for the gate and forming 
step for an opening used for passing wiring. 

(2) A high selectivity to the substrate and resist 
film is possessed and new etching technology for a high 
5 dielectric constant insulation film free of etching damage 
and pollution to a substrate needs to be developed. 

An object of the present invention is to provide a 
technology for forming a gate insulation film having a high 
reliability and at the same time, facilitating 
10 manufacturing of a MIS transistor in a semiconductor 

integrated circuit device containing plural kinds of the 
MIS transistors each having a different thickness of gate 
insulation film. 

The aforementioned and other objects and novel features 
15 of the present invention will be apparent from a 

description of this specification and accompanying drawings. 

DISCLOSURE OF THE INVENTION 

The typical ones of the inventions disclosed in this 
20 application will be briefly described as follows. 

A semiconductor integrated circuit device of the present 
invention comprising: a semiconductor substrate; a first MIS 
transistor including a pair of first semiconductor regions 
formed in the semiconductor substrate and a first conductive 
25 piece formed above the semiconductor substrate through a first 
gate insulation film in a region between the pair of the first 
semiconductor regions; and a second MIS transistor including a 
pair of second semiconductor regions formed in the 
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forming two kinds of MIS transistors comprised of each gate 
insulation fiim by employing a high dielectric constant 
insulation film on two kinds of gate insulation films each 
having a different thickness. The following is the 
5 technology considered by the present inventors and it is 

summarized as below. 

First, a first high dielectric constant insulation 
film is formed on a substrate and after that, the first 
high dielectric constant insulation film is removed with a 
0 resist film as a mask. Next, after the resist film is 

removed, washing processing is carried cut on the substrate 
and a second high dielectric constant insulation film rs 
formed on the substrate. Consequently, a thin gate 
insulation film is formed of the second high dielectrrc 
15 constant insulation film in the first region so that a 
thick gate insulation film is formed of the first and 
second high dielectric constant insulation films rn a 
second region different from the first region. By forming 
source, drain and wiring, a MIS transistor having the 
20 thin gate insulation film is formed in the first region and 
. MIS transistor having a thick insulation film is formed 

in the second region. 

However, it is made evident that the fabrication 
method of the MIS transistor has following problems. 
25 (1, When a difference in level of 20 nm or more is 

formed between the first region and the second region due 
to a difference in thickness of the gate insulation frlm, a 



logical LSI, plural kinds of MIS transistors whose gate 
insulation film differs in thickness are formed on the same 
substrate. 

Japanese Patent Application Laid-Open No. 2001-15612 
5 has disclosed a technology that two kinds of silicon oxide 
films each having a different thickness are formed on the 
same substrate so as to serve as MIS transistor gate 
insulation film. 

In a MIS transistor whose gate electrode width 
10 (hereinafter referred to as gate length) is less than 0.1 
^un, it is expected that the thickness of the gate 
insulation film is less than 1.2 nm. However, if the 
silicon oxide film, which has been conventionally used as a 
gate insulation film, is formed in the thickness of less 
15 than 1.2 nm, there occurs a problem that leakage current 
exceeds 10A/cm 2 , so that for example standby current 
increases . 

Thus, a trial for reducing an effective thickness 
with physical film thickness maintained at 2 nm or more has 

20 been made by using an insulation film whose dielectric 
constant is relatively high (hereinafter referred to as 
high dielectric constant film) , for example, alumina film 
(Al 2 0 3 ) whose dielectric constant is about 7 as a gate 
insulation film. The effective thickness means silicon 

25 oxide (Si0 2 ) converted film thickness considering 
dielectric constant . 

The present inventors considered a technology for 
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SPECIFICATION 



SEMICONDUCTOR INTEGRATED CIRCUIT DEVICE 
AND MANUFACTURING METHOD THEREOF 

TECHNICAL FIELD 

The present invention relates to a manuf acturing 
technology of semiconductor integrated circuit device and 
m „re particuiarly to a technology effectively applicable 
, for semiconductor integrated circuit device incorporating 
plu ral kinds of M!Ss (metal insulator semiconductor, each 
having a different thickness of gate insulation film. 

R^CKGROUND ART 

To achieve high integration and reduction of power of 
the semiconductor integrated circuit device, the operating 
voltage of the semiconductor device has been reduced as the 

rtlB time, to maintain and improve 
generation advances. At this time, 

device performance, the MIS transistor has been 
20 miniaturized according to the scaling rule and its gate 
- insulation film has been reduced in size. On the other 
hand, to reduce power consumption, maintain memory 
information or correspond to an external power supply 
voltage, a MIS transistor having a relatively thick gate 
25 insulation film has been required. For example, because 

the operating voltage differs between its internal circuit 
a „d I/O circuit in case of LSI (large scale integrated 
circuit) or OMOS (complementary metal oxide semiconductor) 
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